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$2.3 billion a year - that’s the cost of

Salmonella -related iliness to the US economy,

according to new data from the US Centers for Disease

Control. The figure represents 1.4 million reported

salmonellosis cases, including 600 deaths. Although
e, the numbers are down from previous estimates, the

Proteins secreted by human toll and dollar cost remain significant. BLAST tutorial

Saimanede imaract with host So how do people get sick from Salmonella || Find relatives of
cell actin and actin-binding X . R . .
proteins to assist Salmonella  infection? After eating contaminated food - often Salmonella SipA || VIEW
entry into host cells. egg-based products - Salmonella gain access to the ANALYSIS ||
) ) human intestine, where there is a low concentration of
For more information and a . .
complete figure, click here. oxygen. This switches on a number of Salmonella

genes that equip the bacteria with the proteins required
to invade the cells on the surface of the intestine. A
cocktail of these proteins is secreted and then
translocated into the host epidermis cell. This
stimulates the formation of a hollow in the host cell
membrane, which grows deeper and progressively
encloses the bacteria (a process known as
pinocytosis). Eventually, the membrane pinches off to
form a vacuole in which the bacterium resides. From
this sheltered environment inside the intestine cell, the
bacteria grow and divide, before spreading to other
cells. When this happens, usually about two or three
days after ingestion, the carrier experiences the
symptoms of diarrhea and dehydration that are
commonly associated with food poisoning.

All these rearrangements in the shape of the cell
membrane mean that actin - the scaffolding of the cell -
must undergo significant organizational change. Some
of the secreted Salmonella proteins, whose job it is to
manipulate the host’s actin, have now been identified,
for example, the 'Sips’ (for Salmonella invasion
proteins) - SipA, SipB, SipC, and SipD. Of these, SipA
has recently been implicated in organizing actin
filaments to facilitate Salmonella entry, by binding
directly to actin itself or by binding to T-plastin, an
actin-bundling protein. SipA lowers the concentration of
actin monomers required for polymerization, allowing
long filaments to be formed that extend the cell, and
stabilizes those filaments so they can not break down
again into actin monomers. But in reality, for the cell
extensions to flex around the bacterium, actin filaments
would need to breakdown and reform in an organized
fashion. This suggests that there may be a regulatory
mechanism that controls SipA action.

Shigella, which are found in the same family of
bacteria as Salmonella, also invade intestine epithelial

Further NCBI resources
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cells on ingestion and causes diarrhea, fever, nausea
and vomiting when they multiply and spread. Like
Salmonella, Shigella secrete a collection of proteins
that rearrange the actin cytoskeleton of the host. Among
these, the proteins IpaA-D bear more than a passing
resemblance to the Sips of Salmonella, suggesting a
shared mechanism of entry between the two species.
The further investigation of both bacterial invasion
mechanisms may shed light on the evolutionary origins
of this key virulence step, as well as provide targets for
potential new therapies.

Comments?
Questions?
We would welcome feedback on NCBI’'s Coffee Break.

Email to: info@ncbi.nIm.nih.gov
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| Figure 1. Salmonella

f SipA interacts with
T-plastin to accelerate
the bundling of actin
filaments. The figure
shows an electron
micrograph of the effect
of Salmonella
typhinurium SipA on the
bundling activity of
T-plastin. A and B show
actin with no T-plastin
present; C and D show
actin with low levels of
T-plastin (0.125
micromolar), and E and F
have a high level of
T-plastin present (0.5
micromolar). A, C and E
have no SipA present,
whereas B, D and F have
SipA present as 2.0
micromoles. The effect of
SipA on actin bundling is
especially clear in the
pair C and D, where the
concentration of T-plastin
alone (C) is not sufficient
to induce actin bundling.
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On addition of SipA (D), bundling occurs.

(Figure reproduced from Zhou, D., Mooseker, M.S. and Galan, J.E. (1999) An invasion-associated
Salmonella protein modulates the actin-bundling activity of plastin Proc. Nat/ Acad. Sci. USA 96,
10176-10181 [PubMed])
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The "salmonella AND food poisoning" search term gives rise to 1792 search results, listed in batches of 20
articles, starting with the most recent.

Oa: Nylen G, et al. Related Articles
Aninternational outbreak of Salmonella enteritidis associated with lasagne; lessons on the need for cross-national
co-operation in investigating food-borne outbreaks.

Epidemiol Infect. 1999 Aug;123(1):31-5.
PMID: 10487639; Ul: 99415580

[ 2: OkumaraT. et al.
[Sepsis due to Salmonella Oranienburg--a case report].
Kansenshogaku Zasshi. 1999 Aug;73(8):787-91. Japanese.
[MEDLINE record in process)
PMID: 10487026; Ul: 99416494

] 3:YamadaS. et d. Related Articles
[Recovery and its evaluation of Shigellabacilli or Salmonellafrom healthy food handlersin Tokyo (1961-1997)].
Kansenshogaku Zasshi. 1999 Aug;73(8):758-65. Japanese.

[MEDLINE record in process|
PMID: 10487021; Ul: 99416489

Related Articles

] 4:BelRA. etal. Related Articles
The Abuela Project: safe cheese workshops to reduce the incidence of Samonella typhimurium from consumption of
raw-milk fresh cheese.

Am J Public Health. 1999 Sep;89(9):1421-4.
PMID: 10474564; Ul: 99403812

D 5: [No authorslisted Related Articles
From the Centers for Disease Control and Prevention. Outbreak of Salmonella serotype Muenchen infections associated
with unpasteurized orange juice--United States and Canada, June 1999.
JAMA. 1999 Aug 25;282(8):726-8. No abstract available.
PMID: 10463698; Ul: 99391339

] 6:HayesS, etal. Related Articles

Undercooked hens eggs remain arisk factor for sporadic Salmonella enteritidis infection.
Commun Dis Public Health. 1999 Jan;2(1):66-7.
PMID: 10462901; Ul: 99392160

[ 7:wilsonD. et al.
Common source outbresk of salmonellosisin afood factory.

Commun Dis Public Health. 1999 Jan;2(1):32-4.
PMID: 10462892; Ul: 99392151

Related Articles

] 8: Hedberg CW, et al. Related Articles
Outbreaks of salmonellosis associated with eating uncooked tomatoes: implications for public health. The Investigation
Team.
Epidemiol Infect. 1999 Jun;122(3):385-93.
PMID: 10459640; Ul: 99387396

9: EvansMR, et a.

An outbreak of Salmonella typhimurium DT170 associated with kebab mest and yogurt relish.
Epidemiol Infect. 1999 Jun;122(3):377-83.
PMID: 10459639; Ul: 99387395

Related Articles

10: JahrausCD, et al.

Clinica presentation and treatment of a Salmonella bredeney epidemic in Shelby County, Alabama.
South Med J. 1999 Aug;92(8):799-801.
PMID: 10456719; Ul: 99383719

11 : [No authors listed Related Articles
Outbresk of Salmonella serotype Muenchen infections associated with unpasteurized orange juice--United States and

Related Articles




Canada, June 1999.
MMWR Morb Mortal Wkly Rep. 1999 Jul 16;48(27):582-5.
PMID: 10428096; Ul: 99355050

[ 12: GlosnickaR, et d. Related Articles

Comparison of two Salmonella enteritidis phage typing schemes.
Eur J Epidemiol. 1999 Apr;15(4):395-401.
PMID: 10414383; Ul: 99341333

] 13: DieckmannH. et al. Related Articles
[Investigation of foodborne outbreak due to Salmonellainfantis using epidemiological and microbiologica methods].

Gesundheitswesen. 1999 May;61(5):241-7. German.
PMID: 10414018; Ul: 99342423

] 14:NemannBJ et a. Related Articles

[An outbreak of Salmonella enteritidis at the New Y ear celebration of the Copenhagen Medical Association].
Ugeskr Laeger. 1999 May 10;161(19):2803-6. Danish.
PMID: 10412319; Ul: 99340816

[ 15: Molbak K. Related Articles

[Zoonoetic bacteria gastroenteritisin Denmark].
Ugeskr Laeger. 1999 May 10;161(19):2796-9. Danish. No abstract available.
PMID: 10412316; Ul: 99340813

[ 16: Lundstedt C. et al. Related Articles

[Is our food dangerous]?
Ugeskr Lagger. 1999 May 10;161(19):2789. Danish. No abstract available.
PMID: 10412313; UI: 99340810

] 17: Lundstedt C, et al. Related Articles
[An editoria about an editorial].

Ugeskr Laeger. 1999 Jun 28;161(26):4022-3. Danish. No abstract available.
PMID: 10402943; UI: 99331354

[ 18: PrzybylskaA. Related Articles
[Foodborne infections and food poisoning in 1997].
Przegl Epidemiol. 1999;53(1-2):103-14. Polish.
PMID: 10402856; Ul: 99331267

1 19: BelaaSR. et al. Related Articles

Visudization and modelling of the thermal inactivation of bacteriain a model food.
Appl Environ Microbiol. 1999 Jul;65(7):3095-9.
PMID: 10388708; Ul: 99318667

] 20: Kusunoki J, et al. Related Articles
[Biochemical and molecular characterization of Salmonella ser. enteritidis phage type 1 isolated from food poisoning
outbreaksin Tokyo].

Kansenshogaku Zasshi. 1999 May;73(5):437-44. Japanese.
PMID: 10386023; Ul: 99313801
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This is the query page for a BLAST search. The sequence of SipA is entered in the textbox

Coffee Break below. The database to be searched can be selected from the following pull-down menu, as
Article can the format that the sequence is submitted in. Click on the "Submit Query" button below the
Fiqure textbox to find similar sequences to this query in the database.

Database [ nr i]

PubMed Links

Overview
Search PubMed

The amino acid query sequence is filtered for low complexity regions by default.

Enter here your amino acid sequence as [ Sequence in FASTA format i]

BLAST Links

Overview

VINVRAFL D\L OVENVAIUI L OUI

TVI TGNKAGT TDNDNSQTDKTGPFSGL KFKQNSFLSTVPSVTNM
BLAST page HSVHFDARETFLGVI RKALEPDTSTP

Statistics course FPVRRAFDGLRAEI LPNDTI KSAALKAQCSDI DKHPEL KAKVETL
KEVI THHPQKEKLAEI ALQFAREAG
LTRLKGETDYVLSNVLDGLI GDGSWRAGPAYESYL NKPGVDRVI
TTVDGLHVQR

( Submit Query | [ Reset |

Please read about FASTA format description

The options below are for advanced users. In this example, the number of descriptions has

been set to 50, with 10 alignments returned. If no parameters are changed or selected, then
BLAST is run in default mode.

Advanced options for the BLAST server:

ExQect[ 10 i] Filter[ default i] O NcBl-gi [ Graphical Overview

Descriptions Alignments

Expect value for inclusion in PSI-BLAST iteration 1 |0. 001

Other advanced options: |

[ Submit Query ] [ Reset ]
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Query= gi|1172128|gb|AAA86618.1| SipA (684 letters) Database: Non-redundant GenBank CDS
translations+PDB+SwissProt+SPupdate+PIR 414,351 sequences; 127,011,483 total letters

Below are the results from a PSI-BLAST (see Altschul et al., 1997) search of the non-redundant
database using SipA as the query sequence.

The E value is a statistical measure of likelihood that the sequences listed below are truly similar to
the query, rather than found by chance alone. The lower the E value, the greater the confidence
that the protein found is a biologically significant match.

E-value threshold for inclusion in PSI-Blast iteration 1: 0.001
E-value threshold for inclusion in PSI-Blast iteration 2: |o. 001

PSI-BLAST constructs a similarity matrix from the significant hits found in a BLAST search and
uses this matrix to search the database in a second round of BLASTing. Each round of
PSI-BLAST that uses the matrix to search the database is called an iteration.

Distribution of 22 Blast Hits on the Query Sequence

|Nbuse— over to show defline and

Color Key for Alignnent Scores

<40 A0=51)

125 250 375 500 625

Figure legend

The above summary of the BLAST results represents proteins that match the query sequence as
colored bars, with the most similar hit uppermost and appearing in red. Pink, green, blue and black
bars follow, representing proteins in decreasing order of similarity. Hatched areas indicate a gap in
similarity i.e., two or more distinct regions of similarity were found within the same protein hit.
Moving the mouse over the bars will display the name of the matching protein found in the textbox
above.

Click here to view alignments.
Click here to see the analysis of this BLAST result.
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About the alignments

Salmonella typhimurium SipA hits very few other proteins in the database that appear above the threshold
e value of 0.001. The only proteins found to be significantly similar are SipA proteins from Salmonella typhi
and IpaA from Shigella flexneri.

The match with the top score is to itself (reassuringly) - the lower the e-value or the higher the score, the
higher the chance that the similarity is biologically relevant. Clicking on the scores will take you to the
alignments for each of the top ten hits (as requested in our query). Clicking on the ID numbers on the left
will display the sequence record at the NCBI site.

Sequences with E-value BETTER than threshold

Score E
Sequences produci ng significant alignments: (bits) Value
gi| 1172128 (U40013) SipA [Sal nonella typhinmuriuni 1227 0.0
enb| CAA63302 (X92546) sipA [ Sal nonel |l a typhi] 767 0.0
enb| CAA57991 (X82670) sipA [Sal nonella typhi] >gi|1584798|prf]|... 394 e-108
gi | 1117815 (U30491) SspA [ Sal nonel | a typhinmuriuni 108 2e-22
sp| P18010] | PAA SHIFL 70 KD ANTI GEN >gi | 2126189| pi r| | E31265 ipaA... 101 2e-20
Sequences with E-value WORSE than threshold
gl | 1294769 (L35061) orflL12; this open reading frane codes for a... -39 0.082
gi | 1353564 (U38906) ORF47 [Bacteriophage rit] 37 0.42
sp| P48608| DI A DROVE DI APHANOUS PROTEI N >gi | 575927 (U11288) di ap. .. 37 0.55
sp| P32107] YI BH ECOLI  HYPOTHETI CAL 42.0 KD PROTEI N | N RHSA- MTLA . .. 36 0.71
enb| CAA87091 (Z46970) secreted acid phosphatase 2 (SAP2) [Leis... 36 1.2
ref| NP _001933. 1| PDSGL| desnoglein 1 >gi|416917| sp| Q2413| DSGL_H. . . 35 2.1
dbj | BAA23712 (AB007900) HHO452 cDNA cl one for Kl AA0440 has a 4... 35 2.1
gb| AAD12543. 1 (AF090989) high-risk human papilloma viruses E6 ... 35 2.1
gb| AAD12544. 1 (AF090990) high-risk human papilloma viruses E6 ... 35 2.1
dbj | BAA17666 (D90908) hypot hetical protein [Synechocystis sp.] 34 3.6
sp| P44296] YH18 HAEI N HYPOTHETI CAL PROTEIN HI 1718 >gi | 1074909] pi . . . 34 4.7
gl | 2911243 (U67916) dentin sial ophosphoprotein precursor [Mis m.. 34 4.7
enb| CAA05208 (AJ002141) dentin sial ophosphoprotein [ Mus nuscul ... 34 4.7
enb| CAA71062. 1 (Y09928) CTORF1365 [ St aphyl ococcus aur eus] 34 4.7
gh| AAD53452. 1| AF137229 1 (AF137229) m xed |ineage | eukem a-1like. .. 34 4.7
enb| CAB55329. 1|  (Y09927) Mp protein [Staphyl ococcus aureus] 34 4.7
enb| CAA81224 (Z226314) STARP antigen [Pl asnodi um fal ci paruni 33 6.2

Al'ignment s

gi| 1172128 (U40013) SipA [Sal nonel la typhinuriuni
Length = 684

Score = 1227 bits (3140), Expect = 0.0
Identities = 621/684 (90%, Positives = 621/684 (90%

Query: 1 MTSVRTQPPVI MPGVIITEI KTQATNLAANL SAVRAKCHSDAVREI KGPQLEDFPALI KQ 60
M/TSVRTQPPVI MPGVIQTE! KTQATNLAANL SAVRAKCHSDAVREI KGPQLEDFPAL| KQ
Sbjct: 1 MVTSVRTQPPVI MPGVIQTEI KTQATNLAANL SAVRAKCHSDAVREI KGPQLEDFPALI KQ 60

Query: 61 ASLDALFKCGKDAEAL KEVFTNSNNVAGKKAI MEFAGLFRSALNATSDSPEAKTLLMKVG 120
ASL DAL FKCGKDAEAL KEVFTNSNNVAGKKAI MEFAGL FRSALNATSDSPEAKTLLMKVG
Shjct: 61 ASLDALFKCGKDAEALKEVFTNSNNVAGKKAI MEFAGLFRSALNATSDSPEAKTLLMKVG 120

Query: 121 AEYAAQ | KDGLKEKSAFGPWL PXXOXOXXOXXXXXXXXDI | KNNTGGEL SKLSTNLVM 180
AEYAAQ | KDGLKEKSAFGPW.P DI | KNNTGGEL SKLSTNLVM
Shj ct: 121 AEYAAQ | KDGLKEKSAFGPW.PETKKAEAKLENLEKQLLDI | KNNTGGELSKLSTNLVM 180

Query: 181 QEVMPYI ASCl EHNFGCTLDPL TRSNL THL VDKAAAKAVEAL DMCPQKL TQEQGTSVGRE 240
QEVMPYI ASCI EHNFGCTL DPLTRSNL THL VDKAAAKAVEAL DMCPQKL TQEQGT SVGRE
Shjct: 181 QEVMPYI ASCI EHNFGCTL DPL TRSNL THL VDKAAAKAVEAL DMCPQKL TQEQGTSVGRE 240

Query: 241 ARHLEMQTLI PLLLRNVFAQ PADKLPDPKI PEPAAGPVPDGGKKAEPTGXXXXXXXXXX 300
ARHLEMQTLI PLLLRNVFAQ PADKL PDPKI PEPAAGPVPDGEKKAEPTG
Sbj ct: 241 ARHLEMQTLI PLLLRNVFAQ PADKLPDPKI PEPAAGPVPDGGKKAEPTG NI NI NI DSS 300

Query: 301 XXXXXXXKH NNAEPVDNGQRHI DNSNHDNSRKTI DNSRTFI DNSQRNGEXXXXXXXXXX 360
KHI' NNAEPVDNGORHI DNSNHDNSRKTI DNSRTFI DNSQRNGE
Shj ct: 301 NHSVDNSKHI NNAEPVDNGORHI DNSNHDNSRKTI DNSRTFI DNSQRNGESHHSTNSSNV 360



Query: 361 XXXXXRVDSTTHQTETAHSASTGAI DHGE AGKI DVTAHATAEAVTNASSESKDGKXXXXX 420
RVDSTTHQTETAHSASTGAI DHG AGKI DVTAHATAEAVTNASSESKDGK
Shj ct: 361 SHSHSRVDSTTHQTETAHSASTGAI DHG AGKI DVTAHATAEAVTNASSESKDGKWWTSE 420

Query: 421 XXXXXXXXXFDEVDGVTSKSI | GKPVQATVHGVDDNKQQUSQTAE! VNVKPLASQLAGVEN 480
FDEVDGVTSKSI | GKPVQATVHGVDDNKQQSQTAE! VNVKPLASQLAGVEN
Sbj ct: 421 KGTTGETTSFDEVDGVTSKSI | GKPVQATVHGVDDNKQQSQTAEI VNVKPLASQLAGVEN 480

Query: 481 VKTDTLQSDTTVI TGNKAGT TDNDNSQTDKTGPFSGLKFKONSFLSTVPSVTNVHSMHFD 540
VKTDTLQSDTTVI TGNKAGT TDNDNSQT DKTGPFSGLKFKONSFLSTVPSVTNVHSVHFD
Shj ct: 481 VKTDTLQSDTTVI TGNKAGTTDNDNSQTDKTGPFSGLKFKQNSFLSTVPSVTNVHSVHFD 540

Query: 541 ARETFLGVI RKALEPDTSTPFPVRRAFDGLRAEI LPNDTI KSAALKAQCSDI DKHPELKA 600
ARETFLGVI RKALEPDTSTPFPVRRAFDGLRAEI LPNDTI KSAAL KAQCSDI DKHPELKA
Shjct: 541 ARETFLGVI RKALEPDTSTPFPVRRAFDGLRAEI LPNDTI KSAALKAQCSDI DKHPELKA 600

Query: 601 KMETLKEVI THHPQKEKLAEI ALQFAREAGL TRLKGETDYVLSNVLDGLI GDGSWRAGPA 660
KMETLKEVI THHPQKEKLAEI AL QFAREAGL TRLKGETDYVLSNVLDGLI GDGSWRAGPA
Sbj ct: 601 KMETLKEVI THHPQKEKLAEI ALQFAREAGLTRLKGETDYVLSNVLDGLI GDGSWRAGPA 660

Query: 661 YESYLNKPGVDRVI TTVDGLHMR 684
YESYLNKPGVDRVI TTVDGLHMQR
Shjct: 661 YESYLNKPGVDRVI TTVDGLHMQR 684

enb| CAA63302| (X92546) sipA [Sal monella typhi]
Length = 450

Score = 767 bits (1960), Expect = 0.0
ldentities = 387/450 (86%, Positives = 394/450 (87%, Gaps = 1/450 (0%

Query: 236 SVGREARHLEMQTLI PLLLRNVFAQ PADKLPDPKI PEPAAGPVPDGGKKAEPTGXXXXX 295
SVGREARHLEMQTLI PLLLRNVFAQ PADKLPDPKI PEPAAGPVPDGGKKAEPTG
Shjct: 1 SVGREARHLEMQTLI PLLLRNVFAQ PADKLPDPKI PEPAAGPVPDGGKKAEPTG NI NI 60

Query: 296 XXXXXXXXXXXKKHI NNAEP- VDNGORHI DNSNHDNSRKTI DNSRTFI DNSQRNGEXXXX 354
KHI NN+ VDN QRHI DNSNHDNSRKTI DNSRTFI DNSQR+GE
Sbjct: 61 N DSSNHSVDNSKHI NNSRSHVDNSQRHI DNSNHDNSRKTI DNSRTFI DNSQRHGESHHS 120

Query: 355 XXXXXXXXXXXRVDSTTHQTETAHSASTGAI DHG AGKI DVTAHATAEAVTNASSESKDG 414
RVDSTTHQTETAHSASTG | DHG AGKI DVTAHATAEAVTN+SSESKDG
Sbhjct: 121 TNSSNVSHSHSRVDSTTHQTETAHSASTGTI DHGE AGKI DVTAHATAEAVTNSSSESKDG 180

Query: 415 KXXXXXXXXXXXXXXFDEVDGVTSKSI | GKPVQATVHGVDDNKQQSQTAEI VNVKPLASQ 474
K FDEVDGVTSKSI | GKP+QATVHGVDDNKQQSQTAE! VNVKPLASQ
Sbj ct: 181 KVWTSEKGTTGETTSFDEVDGVTSKSI | GKPLQATVHGVDDNKQQSQTAEI VANVKPLASQ 240

Query: 475 LAGVENVKTDTLQSDTTVI TGNKAGTTDNDNSQTDKTGPFSGLKFKONSFLSTVPSVTNM 534
LAGVENVK DTLQSD+TVI TGNKAGT TDNDNSQTDKTGPFSGLKFKONSFLSTVPSVTNM
Shj ct: 241 LAGVENVKI DTLQSDSTVI TGNKAGT TDNDNSQTDKTGPFSGLKFKONSFLSTVPSVTNM 300

Query: 535 HSMHFDARETFLGVI RKALEPDTSTPFPVRRAFDGLRAEI LPNDTI KSAALKAQCSDI DK 594
HS+HF+ARE FLGVI RKALEPD STPFPVRRAFDG.R ElI LPNDTI KSAALKAQCSDI DK
Shj ct: 301 HSI HFNAREAFLGVI RKALEPDASTPFPVRRAFDGLRGEI LPNDTI KSAALKAQCSDI DK 360

Query: 595 HPELKAKMETLKEVI THHPQKEKLAEI ALQFAREAGLTRLKGETDYVLSNVLDGLI GDGS 654
HPELKAKVETLKEVI THHPQKEKLAEI ALQFAREAGLTR KGETDYVLSNVLDGLI GDGS
Sbj ct: 361 HPELKAKMETLKEVI THHPQKEKLAEI ALQFAREAGLTRQKGETDYVLSNVLDGLI GDGS 420

Query: 655 WRAGPAYESYLNKPGVDRVI TTVDGLHMQR 684
WRAGPAYESYLNKPGVDRVI TTVDGLHMR
Shj ct: 421 VRAGPAYESYLNKPGVDRVI TTVDGLHMQR 450

enb| CAA57991| (X82670) sipA [Sal monella typhi] >gi|1584798| prf||2123407E si pA
gene [ Sal nonel I a typhi]
Length = 235

Score = 394 bits (1001), Expect = e-108
Identities = 204/235 (86%, Positives = 206/235 (86%

Query: 1 MTSVRTQPPVI MPGVIITEI KTQATNLAANL SAVRAKCHSDAVREI KGPQLEDFPALI KQ 60
M/TSVRTQPPVI MPGVQTEI KTQATNLAANLSAVR ~ + El KG QLEDFPALI KQ
Sbjct: 1 MVTSVRTQPPVI MPGVIQTEI KTQATNLAANL SAVRESATATL SGEI KGQQLEDFPALI KQ 60

Query: 61 ASLDALFKCGKDAEAL KEVFTNSNNVAGKKAI MEFAGLFRSALNATSDSPEAKTLLMKVG 120
ASL DAL FKCGKDAEAL KEVFTNSNNVAGKKAI MEFAGLFRSALNATSDSPEAKTLLIVKVG
Sbjct: 61 ASLDALFKCGKDAEALKEVFTNSNNVAGKKAI MEFAGLFRSALNATSDSPEAKTLLMKVG 120

Query: 121 AEYAAQ | KDGLKEKSAFGPWL PXXXOXXOXXKXXXXXDI | KNNTGGEL SKLSTNLVM 180
AEY AQ | KDGLKEKSAFGPW.P DI | KNNTGGELSKLSTNLVM
Shj ct: 121 AEYTAQ | KDGLKEKSAFGPW.PETKKAEAKLENLEKQLLDI | KNNTGGELSKLSTNLVM 180

Query: 181 QEVMPY! ASCl EHNFGCTLDPL TRSNL THLVDKAAAKAVEAL DMCPQKL TQEQGT 235
QEVVPY! ASCl EHNFGCTLDPLTRS+LT LVDKAAAKAVEALDMC QKLTQEQGT
Shj ct: 181 QEVMPY! ASCl EHNFGCTLDPL TRSSL TQLVDKAAAKAVEAL DMCHQKL TQEQGT 235



gi | 1117815 (U30491) SspA [ Sal nonel |l a typhi muriuni
Length = 65

Score = 108 bits (266), Expect = 2e-22
Identities = 56/65 (86%, Positives = 57/65 (87%

Query: 1 MTSVRTQPPVI MPGVQTE! KTQATNLAANL SAVRAKCHSDAVRE! KGPQLEDFPALI KQ 60
M/TSVRTQPPVI MPGVQTEI KTQATNLAANLSAVR ~ +  El KGPQLEDFPALI KQ
Shjct: 1 M/TSVRTQPPVI MPGMQTE! KTQATNLAANL SAVRESATATLSGEI KGPQLEDFPALI KQ 60

Query: 61 ASLDA 65
ASLDA
Shjct: 61 ASLDA 65

sp| P18010| | PAA_SH FL 70 KD ANTI GEN >gi | 2126189| pi r| | E31265 i paA protein - Shigella
flexneri plasmd >gi|47031| enb| CAA35624| (X17628)
invasion plasm d antigen (AA 1-633( [Shigella flexneri]
Length = 633

Score = 101 bits (249), Expect = 2e-20
Identities = 99/423 (23%, Positives = 163/423 (38%, Gaps = 49/423 (11%

Query: 7 TQPPVI MPGMQTEI KTQATNLAANL SAVRAKCHSDAVREI KGP- - - - QLEDFPALI KQAS 62
TQP + + T+ + L + +S + + S +K P + E+F
Shjct: 7 TQAPTFLYKATSPSSTEYSELKSKI SDI HSSQTS- - - - - LKTPASVSEKENFATSFNCQKC 61

Query: 63 LDALFKCGKDAEALKEVFTNSNNVAGKKAI MEFAGLFRSALNATSDSPEAKTLLMKVGAE 122
LD LF + L+ +++NS N K I+EF+ + S ++  + E + L K+ A+
Sbjct: 62 LDFLFSSSGKEDVLRSI YSNSMNAYAKSE! LEFSNVLYSLVHQNGLNFENEKGLQKI VAQ 121

Query: 123 YAAQ | KDALKEKSAFGPW. PXXXXOOOXXXXXXDI | KNNTGGEL SKLSTNLVMQE 182
Y+ |I1KD L + SAFGPW + + +T GE L L+ E
Shj ct: 122 YSELI | KDKLSQDSAFGPWSAKNKKL HQL RONI EHRLAL LAQQHTSCGEALSLGQKLLNTE 181

Query: 183 VMPYI ASCI EHNFGCTLDPLTRSNL THLVDKAAAKAVEAL DMCPQKL TQEQGTSVGREAR 242
Vo o+l o+ + 4+ ++ L LVD A A ++L + +G +G+ +R
Shj ct: 182 VSSFI KNNI LAELKLSNETVSSLKLDDLVDAQAKLAFDSLRNQRKNTI DSKGFGA GKLSR 241

Query: 243 HLEMQTLI PLLLRNVFAQ - -------- PADKL PDPKI PEPAAGPVPDGGKKAEPTGXXX 293
L + P LLRV | DLPP P GPP +K
Sbhj ct: 242 DLNTVAVFPELLRKVLNDI LEDI KDSHPI QDGLPTPPEDMPDGGPTPGANEK- - - - - - - - 293
Query: 294 XXXOOXXXKH NNAEPVDNGQRHI DNSNHDNSRKTI DNSRTFI DNSQRNGEXXX 353
++PV + H +N N + DN R+ ++ N E
Shjct: 294 --------omaaon TSQPVI H- - YHI NNDNRTYDNRVFDN- RVYDNSYHENPENDA 332

Query: 354 XXXXXXXXXXXXR- VDSTTHQTETAHSASTGAI DHGE AGKI DVTAHATA- EAVTNASSES 411
R +S + T +HI+ + A+ +tA E V N + ++
Shj ct: 333 QSPTSQTNDLLSRNGNSLLNPQRALVQKVTSVLPHSI SDTVQTFANNSALEKVFNHTPDN 392

Query: 412 KDG 414
DG
Shj ct: 393 SDG 395

gl | 1294769 (L35061) orflL12; this open reading frane codes for a putative
protein sharing 27-91 % honology with the putative
protein encoded by orf47 of the |actococcal
bact eri ophage rit; putative [Bacteriophage phi-41]
Length = 586

Score = 39.5 bits (90), Expect = 0.082
Identities = 36/143 (25%, Positives = 63/143 (43%, Gaps = 17/143 (119

Query: 432 EVDGVTSKSI | GKPVQATVHGVDDNKQQSQTAEI VN- VKPLASQLAGVEN- - - - - - - - - V 481
EV GIT ++++ +++ + + N @Q+E++NV L S ++ + N
Shjct: 98 EVFA TPENLV- - TI KSLLDAI ASNASQSQVSELI NSVSTLTSNI SLMSNGDYSPKANQT 155

Query: 482 KTDTLQ - - SDTTVI TGNKAGTTDNDNSQ- - TDKTGPFSGLKFKQNSFLSTVPSVTNVHS 536
++LQ +D + KA TDDNQ DK G K +Qt T +VT +
Shjct: 156 DLESLQHTVNDHSATI STKANQTDLDNLQATVDKQGVAI STKAEQSELSI TNKNVTTVQE 215

Query: 537 MHFDARETFLGVI RKALEPDTST 559
A + KAE  ++
Shj ct: 216 TAKQAESEAKNAMAKATEAQANS 238

gi | 1353564 (U38906) ORF47 [Bacteriophage rlt]
Length = 667

Score = 37.1 bits (84), Expect = 0.42
ldentities = 34/143 (23%, Positives = 62/143 (42%, Gaps = 17/143 (11%

Query: 432 EVDGVTSKSI | GKPVQATVHGVDDNKQQSQTAEI VN- VKPLASQLAGVEN- - - - - - - - - V 481
E G+ ++++ +++ + + N +S+ E++N VK L S ++ + N
Shj ct: 192 EAFG SPENLV- - TI KSLLEAI ASNASESEVVEL| NSVKVLTSNI SLMSNGDYSPKANQT 249

Query: 482 KTDTLQ - - SDTTVI TGNKAGTTDNDNSQ- - TDKTGPFSGLKFKQNSFLSTVPSVTNVHS 536



+LQ 4D+ KA TDDNQ DK G K+Q+ L T +VT
Sbj ct: 250 DLESLQHTVNDQSATI STKANGTDLDNLQATVDKQG Al STKAEQSELLI TNKNVTTAQE 309

Query: 537 MHFDARETFLGVI RKALEPDTST 559
A + KA E ++
Shj ct: 310 TAKQAESEAKNANVAKATEAQANS 332

sp| P48608| DI A_DROVE DI APHANOUS PROTEI N >gi | 575927 (U11288) di aphanous protein
[ Drosophi | a nel anogast er]
Length = 1091

Score = 36.7 bits (83), Expect = 0.55
Identities = 25/82 (30%, Positives = 38/82 (45%, Gaps = 3/82 (39

Query: 207 LTHLVDKAAAKAVEAL DMCPQKLTQEQGTSVGREARHLEMOTLI PLLLRNVFAQ PADKL 266
L +V+KA AK + + +K+ Q + EA+ ++ + L+ N A +KL
Shj ct: 447 LDDI VEKAKAKESKRSEEYEKKI EQL ESAKQEAEAKAAHL EEKVKL VEANGVAAPSPNKL 506

Query: 267 PDPKI PEPAAGPVPDGGKKAEP 288
P IPP PPGE AP
Sbj ct: 507 PKVNI PNP- - - PPPPGGGGAPP 525

sp| P32107] YI BH ECOLI HYPOTHETI CAL 42.0 KD PROTEI N I N RHSA- MTLA | NTERGENI C REG ON
>gi | 1073455| pir| | S47818 hypot hetical protein f378b -
Escherichia coli >gi| 466735 (U00039) alternate gene nane
yi bH [ Escherichia coli] >gi| 1790024 (AE000437) putative
menbrane protein [Escherichia coli] >gi| 1857028 (L19044)
unknown [ Escherichia coli]
Length = 378

Score = 36.4 bits (82), Expect = 0.71
ldentities = 61/280 (21%, Positives = 110/280 (38%, Gaps = 49/280 (17%

Query: 439 KSI | GKPVQATVHGV- - - - - DDNKQQSQTAE! V- NVKPLASQLAGVENVKTDTLQSDTTV 492
K++l P+ V Gr DNQ Q E++ + P+ Q + D LQ+D
Shjct: 59 KAVI Al Pl TPQUTG VTEVTDKNNQLI QKGEVLFKLDPVRYQ- - - - - - ARVDRLQADLMT 112

Query: 493 | TG\ - - - KAGTTDNDNSQTDKTGPFSGLKFKQNSFL STVPSVTNVHSVHF- - DARETFL 546
TN +A T+ + T + L L  + N S DAR+ FL
Sbj ct: 113 ATHNI KTLRAQLTEAQANTTQVSAERDRL FKNYQRYLKGSQAAVNPFSERDI DDARQNFL 172

Query: 547 G -- VI RKALEPDTSTPFPVRRAFDGLRAEI LP- - - -« ------ NDTI KSAALKAQCSD 591
+++ ++ + +G +++| + T+ A +
Shj ct: 173 AQDALVKGSVAEQAQ QSQLDSMYNGEQSQ VSLRAQLTEAKYNLEQTVI RAPSNGYVTQ 232

Query: 592 | DKHPELKAKVETLKEVI THHPQKEKLAEI ALQFAREAGLTRLK- GETDYVLSNVLDG - 648
+ P A L+ V+ P++++ +I QF R+ L RLK G+ V+ NL G
Shj ct: 233 VLI RPGTYAAALPLRPVMWFI PEQKR- - Q VAQF- RONSLLRLKPGDDAEVVFNALPGQV 289

Query: 649 ---------- LI GDGSVWRAGPAYESYLNKPGVDRVI TTVD 678
++ GS++A  +S PG D V+ T++
Shj ct: 290 FHGKLTSI LPVVPGGSYQAQGVLQSLTVWPGTDGVLGTI E 329

enb| CAA8B7091| (Z46970) secreted acid phosphatase 2 (SAP2) [Lei shnmani a nmexi cana]
Length = 888

Score = 35.6 bits (80), Expect = 1.2
ldentities = 32/182 (17%, Positives = 57/182 (30%, Gaps = 9/182 (4%

Query: 330 NSRKTI DNSRTFI DNSQRNGEXXXOXXXXXXXXXRVDSTTHQTETAHSASTGAI DHG 389
+S T S +S G St T 4+ 4T+
Sbj ct: 658 SSEGTATTSSDATTSSSSEGTTSSSSDATTSSSEGTATTSSDATTSSSSEGTTSSRSDAT 717

Query: 390 AGKI DVTAHATAEAVTNASSESKDGKXXXXXXXXXXXXXXFDEVDGVTSKSI | GKPVQAT 449
+ TA +++A T++SSE D TSS G
Shj ct: 718 TSSSEGTATTSSDATTSSSSEGTTSSSSDATTSSSEGTATTSS- DATTSSSSEGT- - - - - 771

Query: 450 VHGVDDNKQQSQTAEI VNVKPLASQLAGVENVKTDTLQSDTTVI TGNKAGT TDNDNSQTD 509
+ + T+ V +S+ + T SDT ++ GIT + +S +
Sbjct: 772 ---TSSSSDATTTSSDVTTTSSSSEGTATSSSDATTTSSDVTTTSSSSEGITTSSSSSSS 828

Query: 510 KT 511
K+
Shjct: 829 KS 830

CPU ti ne: 62. 31 user secs. 0.71 sys. secs 63.02 total secs.

Dat abase: Non-redundant GenBank CDS
transl ati ons+PDB+Swi ssPr ot +SPupdat e+Pl R
Posted date: Sep 30, 1999 5:53 PM
Nurmber of letters in database: 127,011, 483
Nurmber of sequences in database: 414,351

Lanbda K H
0. 312 0.129 0. 361



Gapped
Lanbda

0.270

Matri x:

Nunber
Nunber
Nunber
Nunber
Nunber
Nunber
Nunber
Nunber
Nunber
I ength
I ength
effecti
effecti
ef fecti
effecti
effecti
T 11

A 40

X1: 16
X2: 38
X3: 64
S1: 42
S2: 73

K H
0. 0470 0.230

BLOSUMG2
Gap Penalties: Existence: 11, Extension: 1

of
of
of
of
of
of
of
of
of
of
of
ve
ve
ve
ve
ve

Hits to DB: 148004274

Sequences: 414351

ext ensi ons: 5573570

successful extensions: 14523

sequences better than 10.0: 22

HSP's better than 10.0 w thout gapping: 6
HSP's successfully gapped in prelimtest: 16
HSP's that attenpted gapping in prelimtest: 14365
HSP' s gapped (non-prelim: 41

query: 684

dat abase: 127011483

HSP | ength: 63

length of query: 621

| ength of database: 100907370

search space: 62663476770

search space used: 62663476770

( 7.2 bits)
(14.8 bits)
(24.9 bits)
(21.9 bits)
(32.8 bits)



Coffee Break

The Salmonella battle plan

The SipA proteins from S. typhinurium and S. typhi are almost identical, and significantly similar to
Shigella IpaA protein.

5. typhi Sipad [FT SVRTOPFTIMPHI)TEIETOATHLAANL SATRESATATL 552 ILEDFPALIEASLDALFE
2. typhimoriuom Sipd TTETETOPFTIMPGHI)TEIETOATHLAANL SATRAKCHEDATES —NLEDFFALTEJASLDALFE
Sthigella Ipad [HATHRTOAFTFLY AT SPESTEY SELESET SDIHS ST 5 ———— LETFASTSEEENFAT SFROECLIFLE S
5. typhi Sipa CEEDAEALEETFTH ST AGEEATHEF AGLFESALNAT S0 SPEARTLLMETGAENT ROTTFTGLEEESAF GF
5. typhimurium Siph CGEDAEALKEVFTHSNNTAGEFATMEFAGLFRCSALNAT SDSFEARTLLIETGAEMAAOTTEIGLEEESAFGE
fhigella Tpad SEEEEDTLRSTY SHOMMAYARSETLEF SHYLY SLYHONGLNFEREESLOET TAQY SELTTEDEL SOD SAF P
5. typhi Sipad WLPETEFAEARLENLERQLLDITENNTHSEL SEL STHLVHIQETIF Y TASCTEHNFGCTLOFLTE. o
5. typhinurium Siph WLPETEFAEARLENLERQLLDITENNTESELSELSTHLVHQETHEFYTASCIEHNFGCTLDFLTE. o
Shigella Ipad WEAFNFFLHOLRORIEHELALLAQOHT SGEAL SLGOKLLRTEY SSF IENNILAELEL SHETY SSLELDDLTD
o L]
5. typhi Sipad EaAAKATEAL DMJHIFL TOEQGT STGREARHLEMOTLIFLLLENTFAQT———————— P-ATELFDFETIPEFA
5. typhinuriom Siph EAAARATEALDMIFOELTOEQGT SVGREARHLEMOTLIFLLLENVFAQT ——————— FP-ATELFDFETFEFA
Shigella Ipad LAFLAFDSLEN] TIDSEGFGIGEL SEDLNTYATFFELLEETLNDILEDIED SHETQDELF TP FEDLED
5. typhi Sipa LGP TPIGEEEAEP TGINTNINID S SHHETDNSEHLIH IHEORHI DN SWHDHSEETIDNSETFIDNED
2. typhinorium Siph AGPTPDEGEEAEPTEINTININID S SWHETDNSEHLNHE. DIHEORHTI D SWHDHSEETIDNSETFIDNED
Sthigella Ipad GEFTPGANEE-————————————= TSQFT-THYHLHND IHE--VYFONETYDHSYHERFENDASFT 50
5. typhi Sipa ESHHSTH S SHT SHEHERT D S —-TTHOTETAHSAS TR I DHEIAGET DT TAHATAEATT SESEDE +270
5. typhimuriuom Sipd ESHHETH S SHT SHEHERT D S ——-TTHOTETAHSAS TR DHETAGET DT TAHATAEATT SESEDE +Z70
Sthigella Ipadh @ ———————- TH-———- DLL SENEHSLLNPO-RALTOETT STLPHEI SDTTOTF AN SALEEVFHTPDONDG +2328

The above alignment shows the sequences of Salmonella typhinurium and Salmonella typhi SipA with Shigella flexneri |paA protein.
The SipA proteins are almost identical, with the exception of a few amino acid differences, indicated by the turquoise boxes. Amino acids
common to all three proteins are in red. The S. typhi sequence shown here is made up of two separate GenBank records that each
aligned to different parts of the complete S. typhinurium _sequence (blue background). This is indicated by the yellow (accession
number CAA57991) and green (accession number CAA63302) highlighting behind the two sequences, and their junction is shown by
the black dot. The numbers at the end of the sequences indicate the number of amino acids not included in the alignment: while the S.
typhinurium and S. typhi SipA proteins remain highly similar in this region, there is no similarity between the SipAs and IpaA.

Salmonella typhinurium SipA was used to search the non-redundant protein sequence database using the PSI-BLAST program [2] with standard parameters.
Sequences included in the multiple alignment were selected from output from the first iteration. The multiple sequence alignment was constructed using ClustalW
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